Sociodemographic factors and lifestyle habits affect body weight and body composition. A new syndrome, called normal-weight obesity (NWO), is found in individuals with normal weight and excess body fat in contrast to lean and overweight individuals. The aim of the present study was to explore the associations between sociodemographic factors and smoking and alcohol habits and lower versus higher BMI (≥25 kg/m 2 ) and to examine whether categorization into lean, NWO, and overweight leads to further information about sociodemographic and lifestyle associations, compared with the common categorization defined by BMI. A cohort of 17,724 participants (9,936 females, 56.1%) from the EpiHealth study, with a median age of 61 (53-67) years, was examined. The participants answered a questionnaire about lifestyle, and weight and fat percentage were measured. Associations between sociodemographic factors and lifestyle habits and lower versus higher BMI, and lean versus NWO or lean and NWO versus overweight were calculated by binary logistic regression. Male sex, age, sick leave/disability, married/cohabitating, divorced/widowed, former smoking, and a high alcohol consumption were associated with higher BMI, whereas higher education and frequent alcohol consumption were inversely associated (all p < 0.001). The associations were similar to associations with lean versus overweight and NWO versus overweight, except for age in the latter case. Associations with lean versus NWO differed from those of lower versus higher BMI, with an association with retirement, an inverse association with male sex (OR, 0.664; 95% confidence interval, 0.591-0.746), and no associations with marital status, smoking, and alcohol consumption frequency. Associations with age and occupation were sex dependent, in contrast to other variables examined. Thus, sociodemographic and lifestyle habits showed similar associations with lower versus higher BMI as with lean and NWO versus overweight, whereas lean versus NWO showed different directions of associations regarding sex, marital status, occupation, smoking, and frequency of alcohol consumption.
Introduction
Altered lifestyle habits and improved socioeconomic conditions may explain why weight and body mass index (BMI) are increasing in the Western world [1] . Not only the total amount of fat mass but also its distribution is important for health. Adipose tissue is mainly deposited as subcutaneous adipose tissue and intra-abdominal adipose tissue, but fat may also be deposited as epicardial adipose tissue and intermuscular adipose tissue [2] [3] [4] . The visceral (abdominal) fat is more closely associated with metabolic disorders than subcutaneous fat [2, 3] . A new syndrome, called normal-weight obesity (NWO), is found in subjects with a normal BMI of <25 kg/m 2 but with excess body fat [5, 6] . A disadvantage with BMI is that BMI only measures weight in relation to height, without adjustments for the distribution between muscle and adipose tissue, which may be of importance for health. Previous studies have shown that low physical activity, ex-smoking, and alcohol consumption were associated with NWO, rather than with lean and overweight [6] , and that NWO shows a high degree of metabolic dysregulation, in spite of normal BMI [7] . NWO may be present in all ages, from childhood to adolescence and adult subjects, and it is associated with higher risk for poor skeletal robustness, metabolic dysregulation, and development of the metabolic syndrome [8, 9] .
There is a lot of debate and controversy about the most efficient lifestyle habits for maintaining a low body weight throughout life. Although all fat deposits are associated with age [4] , most studies are performed on younger individuals [10] . Education, income level, physical activity, smoking, and alcohol consumption have been shown to be related to the percentage of energy intake from different macronutrients [10] [11] [12] . In addition to the influence on dietary habits, smoking also affects the secretion and regulation of hormone levels [13] . Alcohol contains more energy per gram (7 kcal/g) than carbohydrates and protein (4 kcal/g) and slightly less energy than fat (9 kcal/g) [14] . Because alcohol does not replace other food intakes but instead is added to the diet, alcohol consumption may lead to weight gain [12] .
Recent research has shown that the middle-aged and elder population has a high alcohol consumption, above what is considered to be healthy [15] . On the other hand, many people of that age range do not longer smoke. Overall, lifestyle habits have changed markedly during the past decades and are more equalized between sexes than in previous generations, which influence body weight and body composition [16] . The Northern Sweden MONICA project, performed from 1986 to 2004, has shown how BMI has markedly increased over time [17] . Thus, former sex differences and associations with sociodemographic and lifestyle factors may have changed, as well as the relation between body weight and fat percentage. To address these questions in relation to elder subjects, the Swedish EpiHealth cohort of 17,724 participants between the ages of 45 and 75 years was examined. This cohort has previously been used to study the effect of physical activity, irregular meals, and BMI on gastrointestinal symptoms [18] . The aim of the present cross-sectional study was to explore the associations between sociodemographic factors and smoking and alcohol habits and (1) lower versus higher BMI, (2) lean versus NWO, and (3) lean and NWO versus overweight. Second, we wanted to examine whether categorization into lean, NWO, and overweight leads to further information about sociodemographic and lifestyle associations, compared with the common categorization into lower and higher BMI.
Methods
The study was performed in accordance with the Declaration of Helsinki. The original EpiHealth study was approved by the Ethics Review Board of Uppsala University (2010/402) and by the Swedish Data Inspection Board (307-2011). All participants gave their informed written consent before inclusion. The present part of the study was approved by the Ethics Review Board at the Lund University (2014/4), along with a separate application to the steering group of Epi-Health. According to the instructions given to the participants upon enrollment [18] , an advertisement was published in daily newspapers, where the participants included were encouraged to contact the manager of the study if they did not want to participate in the actual calculations. In addition, we had to display a short description of the research proposal on EpiHealth's homepage for 1 month, so that participants could withdraw consent if they were not comfortable with the current research proposal. No one contacted us to prohibit the use of the data.
Subject Recruitment. A methodological description of
EpiHealth has previously been published [19] . Briefly, EpiHealth is a collaboration between the Lund University and the Uppsala University, aiming to build a Swedish resource of a multicenter longitudinal cohort of 300,000 individuals. The EpiHealth study includes three parts: a webbased baseline questionnaire completed by the participants, physical tests and biological sampling performed at a test center, and possibilities to follow-up later on concerning future diseases and medications, through official Swedish registers [19] .
All people between the ages of 45 and 75 years with Swedish personal identity number, who live close to the test centers Uppsala or Malmö, are invited to participate in the study. The participants receive no financial compensation. The only exclusion criteria is unwillingness to participate.
An invitation letter was sent to the subjects, along with activation codes and instructions on how to enroll in Epi-Health on the website (http://www.epihealth.se) or via the EpiHealth Screening Center.
About 50,000 inhabitants had been invited to participate in the study, at the time of data extraction. The present participants were enrolled from 2011 to 2014. Thus, the current study cohort represent the first recruits to EpiHealth.
Physical Tests. Upon arrival at the EpiHealth Test
Center, the participants were provided with oral and verbal information about the study, before the consent was signed. The participants were asked whether they had had a current infection/inflammation within the last 2 weeks and whether they had eaten during the day. If the participant answered "no," weight was recorded in light clothes and with an empty bladder at a scale that uses bioimpedance to calculate fat mass (Tanita, Tokyo, Japan) [19] .
Data Categorization.
The web-based EpiHealth questionnaire included questions about sex, sociodemographic factors, family history, lifestyle habits, medical health, pharmacological treatment, and subjective suffering from pain and discomfort. The questionnaires used in EpiHealth are not validated questionnaires but are similar to questionnaires used in other large population-based screening projects in Sweden (e.g., LifeGene, SCAPIS, and BIG-3). The time to complete the form was 40-60 minutes. For those participants who needed computer assistance, computers were available at the test center. The questionnaire contained detailed questions about smoking, both regarding how many years they had been smoking and the amount of tobacco used daily. Participants were asked about the type of alcohol consumed, the number of standard drinks, and the frequency of drinking. They rated their degree of physical activity from a number of alternatives. The participants answered questions concerning their food intake, in relation to a wide range of different foods, and the amount and frequency of such intake.
Variables concerning age, sex, education, occupation, marital status, tobacco use, and alcohol use were chosen to be studied because from experience, they may influence the development of health, body weight, and body composition and have been changing considerably during the past years [7, 15, 16, 20] . The variables of age and BMI showed skew distribution. Age groups were sorted into 45-49 years, 50-59 years, 60-69 years, and 70-75 years. BMI was grouped into normal-weight (<25 kg/m 2 ), overweight (25.0-29.9 kg/m 2 ), obese class 1 (30.0-34.9 kg/m 2 ), and obese class 2 (≥35.0 kg/ m 2 ) [21] , to describe the population. To calculate associations between BMI and sociodemographic factors and lifestyle habits, BMI was divided into <25 kg/m 2 and ≥25 kg/ m 2 , which is the BMI value used to divide subjects into lean, NWO, and overweight [5, 6] . In addition, the participants were divided into lean individuals, with a BMI of <25 kg/m 2 and a fat percentage in men of <20% and in women of <30%; individuals with NWO, with a BMI of <25 kg/m 2 and a fat percentage in men of ≥20% and in women of ≥30%; and overweight individuals, with a BMI of ≥25 kg/m 2 [5, 6] . Educational level was divided into primary school, secondary school, and higher education. Occupation was divided into working, sick leave/disability, retirement, and others, including unemployed and studying. Marital status was divided into single/living alone, married/cohabitating, and divorced/widowed.
Variables about smoking, alcohol consumption, and physical activity are divided according to previous publications [18, 22] . Smoking habits were categorized into three groups: never smoked (or less than 100 cigarettes in total), former smokers, and current smokers (including irregular smoking). The frequency of alcohol consumption was categorized into: never, ≤1 time per month, 2-3 times per month, once per week, 2-3 times per week, or ≥4 times per week. The amount of standard drinks on a typical day was divided into 1-2 glasses, 3-4 glasses, or ≥5 glasses.
Physical activity during leisure time was estimated by cases in the questionnaire, ranging from mostly sitting, light activity, walking 30 min/day, activity 30-60 min/day to strenuous activity 60 min/day. Physical activity during occupational time was not included in the present study because only half of the participants were working, and a high activity during occupation time correlated with a high activity during leisure time (data not shown). The frequency of meal intake was estimated separately for breakfast, lunch, and dinner. A meal taken at least 5 times per week was considered as a regular meal [18] .
Statistical Analyses.
The data were analyzed using the software SPSS, version 23.0 for Windows. Results are presented as number and percentages or medians and interquartile ranges (IQR). The influence on BMI and lean/ NWO/overweight (dependent variables) of sociodemographic factors and lifestyle habits used (independent variables), namely, age, sex, education, occupation, marital status, smoking habits, alcohol drinking frequency, and the amount of drinking on such occasions were initially examined using an unconditional logistic regression to calculate the odds ratios (OR) and a 95% confidence interval (CI). The reference was set to the lowest category of each variable. Analyses were then performed, adjusted for age, sex, education, occupation, marital status, smoking habits, alcohol drinking frequency, and the amount of drinking on such occasions, in addition to physical activity and the irregularity of breakfast, lunch, and dinner because these parameters have been found to influence BMI and fat depositions in another study [6] , and adjusted OR with a 95% CI are presented. An interaction analysis was performed on the sex and each factor in the adjusted model by including an interaction term. Logistic calculations were performed separately for women and men, when statistically significant sex interactions (i) were present. The adjusted analyses were performed as a complete case analysis. A p value of <0.05 was considered statistically significant.
Results

Basic Characteristics.
Of the invited subjects, 17,724 subjects (9,936 women, 56.1%) were willing to participate and were included in the EpiHealth study. The median age was 61 (53-67) years. Forty-five percent had a higher education, whereas 25% answered that secondary school was their highest educational level. Fifty-six percent were still working, and 35% were retired. The majority were married or cohabitating. Forty-eight percent of the participants had never smoked, and the rest of the participants were mostly former smokers. Less than 10% were still smokers. The most common alcohol drinking habit was an alcohol consumption of 1-2 glasses, 2-3 times a week (Table 1) . Approximately 40% of the participants answered that they had a physical activity during their leisure time corresponding to 30 minutes of walking each day. More than 90% of the participants had regular dietary habits (data not shown).
Body Mass Index and Body Composition.
The BMI values in the whole cohort was 25 (23-28) kg/m 2 from 17,626 valid participants (missing values � 98). The distribution of BMI showed that 40% were categorized as normal-weight, 43.3% were categorized as overweight, 13% were categorized as obese class 1, and 3.2% as obese class 2. When dividing the cohort into three groups-lean, NWO, and overweight-the majority of participants were categorized as overweight (missing values � 251) ( Table 2 ). BMI was lower in the lean group than in the NWO group (22 (20-23) versus 23 (22-24) kg/m 2 ; p < 0.001).
Sociodemographic and Lifestyle Factors.
Male sex, age, being on sick leave/having a disability, being married/ cohabitating, being a former smoker, and drinking 3-4 glasses per occasion were associated with higher BMI (all p < 0.001), whereas higher education and frequent alcohol consumption were inversely associated with BMI (p < 0.001) ( Table 1 ). Being divorced/widowed was also associated with whereas only a significant trend was seen in the association between being retired and a higher BMI (p � 0.060) ( Table 1) . Similar associations were found regarding associations with male sex, being on sick leave/having a disability, being married/cohabitating, being a former smoker, and a higher amount of drinking per occasion, and inverse associations were found with having a higher education and frequent alcohol consumption, when comparing lean versus overweight and NWO versus overweight. The differences were that retirement was positively associated, and current smoking was inversely associated, with overweight in comparison to lean, whereas age did not associate when NWO was compared with overweight (Table 3) .
Age, being retired, and consuming a larger amount of alcohol per occasion were associated with NWO, whereas male sex and having a higher education were inversely associated with NWO, when comparing lean versus NWO. Marital status, smoking habits, and the frequency of alcohol Missing data ----consumption did not show any associations with fat percentage, as long as the subjects were of a normal-weight (Table 3) .
Sex Interaction
Aspects. Older, retired, or disabled women were associated with a higher BMI, which was not found in men (Table 4 ).
Although age was neither significantly associated in women nor men, there was a tendency toward a positive association between age and overweight compared with NWO in women, and a tendency toward a negative association in men (p i � 0.001). Being on sick leave/having a disability was associated with overweight in women (p i � 0.001), and retirement was inversely associated with overweight in men (p i < 0.001) ( Table 5 ). Education, marital status, smoking, and alcohol habits did not show any sex interactions, neither regarding higher BMI nor NWO versus overweight (data not shown).
The only significant sex interaction regarding lean and overweight was an association between age and overweight in the age group of 50-59 years, which was observed in women but not in men (OR, 1.870; 95% CI, 1.585-2.206 and OR, 1.163; 95% CI, 0.938-1.443, respectively; p i � 0.002), in comparison to lean.
Being retired showed a stronger association with NWO in men than in women, when compared with lean (OR, 1.715; 95% CI, 1.293-2.275 and OR, 1.464; 95% CI, 1.170-1.831, respectively; p i � 0.001). No other sex interactions were found between lean and NWO (data not shown).
Discussion
The main findings of the present study were that male sex, age, being on sick leave/having a disability, being married/ cohabitating, being divorced/widowed, being a former smoker, and having a high alcohol consumption per occasion were associated with a higher BMI, whereas a higher education and frequent alcohol drinking were associated with a lower BMI. Similar associations were found with NWO versus overweight, except for age, and with lean versus overweight, except for no association with being divorced/widowed, and a positive association with being retired and an inverse association with being a current smoker. Associations with lean versus NWO differed from associations with BMI, with an inverse association with the male sex, and without associations with marital status, smoking, or frequency of alcohol intake. The associations between higher age and higher BMI or overweight, and between sick leave/having a disability and higher BMI or overweight, were due to associations in women. NWO was associated with retirement, especially in men.
The lower BMI found in participants with higher education, and the higher BMI and overweight found in participants on sick leave/disability, is in line with previous research, which has shown that obesity is associated with sociodemographic factors, especially in women [10, 23, 24] . Overall, a higher neighborhood level and higher socioeconomic status were observed to be associated with a lower BMI, waist circumference, and waist/hip ratio [25] . This may be due to a healthier diet in subjects with a higher level of education, income, and socioeconomic status [12] , as well as a higher degree of physical activity [25] . However, the associations have to be interpreted with caution. Selection bias has previously been reported in epidemiological studies, with higher age, higher education level, and higher income among participants than nonparticipants [26] . This selection bias may partly explain some of the associations.
Being married/cohabitating was associated with a higher BMI and being overweight, compared with being single/ living alone. Previous research has shown that married men were the least likely to be smokers and consumed more vegetables and cereal fibers than divorced men. On the other hand, divorced men were more physically active, consumed more alcohol, and were more often smokers than men in other marital arrangements [27] . The conclusion is that marital status has a high impact on lifestyle habits, and this is reflected by the altered BMI.
Current smoking was associated with a lean body constitution and tended to be associated with a lower BMI. This may be due to the strong endocrine effects caused by smoking. Smoking has been shown to induce increased Lean is defined as a body mass index (BMI) of <25 kg/m 2 and a fat percentage in men of <20% and in women of <30%; normal-weight obesity (NWO) is defined as a BMI of <25 kg/m 2 and a fat percentage in men of ≥20% and in women of ≥30%; and overweight is defined as a of BMI ≥ 25 kg/m 2 [5, 6] . Logistic regression analysis is adjusted for all sociodemographic factors, smoking and alcohol factors, leisure time physical activity, and the regularity of meals. Values are presented as adjusted (adj) odds ratio (OR) and 95% confidence interval (CI). p value < 0.05 was considered statistically significant. levels of cortisol and testosterone, whereas the levels of estradiol and progesterone are decreased [13] . This may influence the body composition, changing it to a more android-type composition. Furthermore, smoking has been reported to change the dietary habits, with a lower intake of fibers, fruits, and vegetables [13] . Smoking cessation leads to great changes in endocrine and metabolic balances, which may explain the increased BMI in ex-smokers [28] . In general, alcohol intake is added to the diet, without a corresponding decrease of energy from food intake, and thereby, the total daily energy intake is increased considerably. Thus, a high alcohol consumption per occasion induces an increase in body weight [10, 12] , which was also found in the present study. Furthermore, alcohol stimulates the appetite, causing a higher food intake, along with the alcohol consumption [10] . High energy intake from alcohol was positively associated with intermuscular adipose tissue in older subjects, especially in women [14] . The changed lifestyle habits, with an increased alcohol intake in both sexes may be one of the most important factors for the obesity epidemic observed in the Western world [10, 16] . The findings in the current study may be generalized to other countries as well and not only restricted to Sweden. The present finding of a lower BMI in patients who frequently consume alcohol is in accordance with previous studies, which show that frequent alcohol consumption was associated with a less healthy diet, malnutrition, and weight loss [12, 29] . Overall, drinking patterns are closely associated with socioeconomic status, which may have impact on the present results, and underlines the importance of examining sociodemographic factors and lifestyle habits together [30] .
Body fat distribution is described as android (apple shaped) and gynoid (pear shaped) [31] . In postmenopausal women, fat mass increases, and the body composition changes from a gynoid to an android form. There may be several causes of the associations between age and BMI and NWO, e.g., less physical activity or a less healthy diet with increasing age. On the contrary, the present participants were 45-75 years old. In this age range, the older women seem to have a healthier dietary pattern than the younger ones [11] . In accordance with our results, all fat deposits have previously been found to be associated with age [4] . Lean is defined as a body mass index (BMI) of <25 kg/m 2 and a fat percentage in men of <20% and in women of <30%; normal-weight obesity is defined as a BMI of <25 kg/m 2 and a fat percentage in men of ≥20% and in women of ≥30%; and overweight is defined as a BMI of ≥25 kg/m 2 [5, 6] . A test for sex interaction was performed by adding a multiplicative variable to the full model of logistic regression analysis, adjusted for all sociodemographic factors, smoking and alcohol habits, physical activity, and the irregularity of meals. Values are presented as an adjusted (adj) odds ratio and a 95% confidence interval (CI). A p i -value (p-value for interaction) of <0.05 was considered statistically significant.
This may be due both to genetic and environmental factors [32, 33] . Changes in lifestyle habits with a decrease in smoking and a higher alcohol consumption in both sexes, along with dietary changes, influence body composition over time [16] . Age, being retired, and a high amount of alcohol consumption per occasion seem important factors in relation to fat percentage and the corresponding reduced muscle mass. The greater association of retirement with NWO in the male than female sex may be due to that men may have more physically strenuous work than women and, perhaps, also because they have less active leisure time than women. Previous results showed that men with NWO had the most physically inactive leisure time, compared with lean and overweight men [6] . On the other hand, marital status, smoking habits, and the frequency of alcohol consumption were not associated with fat percentage in normal-weighted participants. The associations suggest that factors normally associated with a lower degree of physical activity, and thereby decreased muscle mass, are important for the development of the NWO syndrome. The associations with overweight versus lean or NWO were similar but not regarding age. Together, the findings suggest that both a higher fat percentage and heavier weight are common in elder women. This is the first study, to our knowledge, which compare associations with BMI of sociodemographic factors and smoking and alcohol habits, to associations of these factors with the NWO syndrome. One of the restrictions to the study, which may influence the outcome and interpretation of the results, is that the definitions for NWO are not clearly stated, and several values are given in the literature due to no clear cutoff for the most optimal fat percentage values [7] . We have chosen the actual fat percentage limits because they have been used in several other studies, including one with a Nordic population [6, 7] . However, change of the reference values for fat percentages may affect the outcome.
Because the present study is a cross-sectional study, we do not know whether the status of overweight or NWO have been present during a longer period of the participant's lives or whether the conditions have been developed in the middle age or later. This has to be studied in prospective population studies. Nevertheless, independent of age, it is important to recognize the condition due to the high impact on health [7, 8] and to be aware of factors associated with the condition, as described in the present study, to be able to prevent the development. The different associations with NWO compared with overweight might to some extent depend on smaller cohort size in this group.
The sex interactions in relation to occupations may be due to socioeconomic factors, which still show great differences between men and women [20] . However, there were no sex interactions, in relation to smoking or alcohol habits, concerning BMI or NWO. Previously, an association was found between men with NWO and age and smoking, compared with lean and overweight subjects, whereas women with NWO were associated with being an ex-smoker and having a high alcohol consumption, compared with other groups [6] . These previous gender differences were not found in the present cohort. The differences between the cohorts may depend on, e.g., higher age in our cohort, cultural differences between the countries and different sizes of the cohorts. The absence of sex interactions regarding smoking and alcohol consumption in the current cohort may be explained by the fact that these lifestyle habits are now more similar in men and women than in previous generations [16] .
The strength of the present study is the large cohort size and its study of NWO in addition to BMI in elder participants. One limitation of the present study is the lack of information and adjustment of menopausal status because body fat mass is increased after menopause [34] , which may have affected some of the calculations. After the inauguration of EpiHealth, a recent publication has shown that bioimpedance measurement is a less reliable method for elder patients, with an underestimation of fat mass [35] . The low inclusion rate remains another limitation, with no nonresponse analysis.
Conclusion
Both sociodemographic factors and smoking and alcohol habits are associated with weight and body composition in a middle-aged and elder Swedish population. Lower versus higher BMI shows similar associations as lean versus overweight and NWO versus overweight, whereas lean versus NWO differs in associations. The differences between lower versus higher BMI, and lean versus NWO, are that lower versus higher BMI is associated with male sex, sick leave/disability, married/cohabitating, former smoking, and frequent alcohol intake, whereas lean versus NWO is inversely associated with male sex, is associated with retirement instead of sick leave/disability, and show no associations with maternal status, smoking, and alcohol consumption frequency. However, both higher BMI and NWO are associated with increased age and high alcohol consumption at each drinking occasion but inversely associated with higher education. Thus, dividing the cohort into lean, NWO, and overweight individuals provide further information on how sociodemographic factors and lifestyle habits affect body composition than if the cohort is only divided into different BMI groups, irrespective of fat percentage. Although associations with age and occupation differ depending on sex, no sex interactions in this study cohort of elder subjects were shown regarding education, marital status, smoking, and alcohol habits. Because epidemiological studies only describe associations and thereby generate hypotheses, these associations have to be confirmed in clinical trials.
